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DESCRIPTION 



STIRRED TANK FOR STORING YEA ST SLURRY, METHOD OF 
MAN UFACTURING FERMENTED FOODS SUCH AS BEER USING THE 
S TIRRED TANK, AND STIRRING IMPELLER PROVIDED IN THE STIRRE D 
TANK 



FIELD OF THE INVENTION 

This invention relates to a stirred tank for storing yeast slurry, method of 
manufacturing fermented foods using the stirred tank, and a stirring impeller 
provided in the stirred tank. The present invention is applied particularly in a 
beer manufacturing process. 

BACKGROUND OF THE INVENTION 

Commonly, in the process of manufacturing fermented products such as 
beer, yeast recovered from a fermentation tank is stored in the stirred tank, and 
then returned as seed yeast to the fermentation tank for reuse. 

Yeast stored in the stirred tank settles down on a bottom of the stirred 
tank as the time lapses, resulting in non-uniform yeast concentration in the stirred 
tank or non-uniform temperature when cooled. Hence, there arises a necessity to 
stir yeast slurry for overcoming such non- uniformity. 

However, likewise butter, soap, etc., the yeast slurry is a non-Newtonian 
fluid. It is known that in such non-Newtonian fluid, stirring effect in proportion to 
the increase of the stirring force cannot be necessarily produced even with 
enhanced force unlike Newton fluid, in which the stirring effect is enhanced in 
proportion to the stirring force. 

On the other hand, there also exists a necessity to protect yeast from 



damages due to stirring, along with the necessity to perform stirring for uniform 
yeast concentration and uniform temperature of yeast slurry. 

In such a conventional process of manufacturing beer, an inclined paddle 
impeller, propeller or the like has been mainly used as a stirring impeller provided 
within the stirred tank for storing yeast slurry to be supplied to the fermentation 
tank. 

However, in case that yeast slurry which is a non-Newtonian fluid is 
stirred by using such a conventional stirring impeller, there arises a problem that 
uniformly mixing of the entire yeast slurry is unlikely to be achieved through low- 
speed stirring. 

On the other hand, there arises another problem in high-speed and strong 
stirring which is performed for improved uniformity in the yeast concentration and 
temperature of the yeast slurry, that yeast may be damaged and destroyed, and 
hence its biological activity may be lowered. 

SUMMAEY OF THE INVENTION 

The present invention has been conceived to solve the above contradictory 
problems. It is an object of the present invention to stir and mix the entire yeast 
slurry within the stirred tank in a short period of time without causing poor mixing 
of the yeast slurry or a non-Newtonian fluid, as well as protect yeast from damages 
and hence prevent the deterioration of the biological activity. 

To achieve the above object, the present invention was conceived as a 
stirred tank for storing yeast slurry and method of manufacturing fermented foods 
such as beer using the stirred tank, as well as a stirring impeller provided in the 
stirred tank. 

According to the present invention, there is provided a stirred tank for 
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storing yeast slurry to be supplied to fermentation tanks where fermented foods 
such as beer are fermented, is characterized in that a stirring impeller is provided 
within the stirred tank and so constructed that a maximum diameter of a rotation 
body defined by the rotation of the stirring impeller is 60-90% of the inner diameter 
5 of the stirred tank, and the height of the rotation body is 70% or more of a standard 
depth of the yeast slurry normally stored in the stirred tank. 

According to another aspect of the present invention, there is provided a 
method of manufacturing fermented foods such as beer including the process of 
stirring yeast slurry in a stirred tank for storing the yeast slurry to be supplied to 

fa 

%S 10 fermentation tanks where fermented foods such as beer are fermented, is 

fy characterized in that a stirring impeller is provided within the stirred tank and so 

in 

m constructed that a maximum diameter of a rotation body defined by the rotation of 

fh the stirring impeller is 60~90% of the inner diameter of the stirred tank, and the 

height of the rotation body is 70% or more of a standard depth of the yeast slurry 
:IT 15 normally stored in the stirred tank, and the method includes the process of stirring 
'^J the yeast slurry by rotating the stirring impeller at a rotational speed of 1-30 rpm. 

M According to still another aspect of the present invention, there is provided 

a stirring impeller provided in a stirred tank for storing yeast slurry to be supplied 

to fermentation tanks where fermented foods such as beer are fermented, is 
20 characterized in that a maximum diameter of a rotation body defined by the 

rotation of the stirring impeller is 60-90% of the inner diameter of the stirred tank 

and the height of the rotation body is 70% or more of a standard depth of the yeast 

slurry normally stored in the stirred tank. 

By those of the present invention, the yeast slurry within the stirred tank 
25 can be entirely and substantially uniformly mixed, so that the mixing and stirring 

effect can be remarkably enhanced as compared with a yeast stirred tank provided 

with a conventional inclined paddle impeller or the like. 
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Since the stirring impeller is so constructed that a maximum diameter of 
the rotation body defined by the rotation of the stirring impeller is 60-90% of the 
inner diameter of the stirred tank and the height of the rotation body is 70% or 
more of a standard depth of the yeast slurry normally stored in the stirred tank, a 
5 desirable stirring effect can be produced even through a relatively low rotational 
speed stirring at 1-30 rpm. As a result, there is produced an effect that the 
stirring is unlikely to damage and destroy yeast, and hence deteriorate its 
biological activity. 

The maximum diameter of the rotation body enabling the rotation of the 
10 stirring impeller is in the range of 60*90%, and more preferably 70*90%. 

With the rotation body having a maximum diameter of 70-90% of the inner 
diameter of the stirred tank, it is possible to more securely prevent the yeast slurry 
from stagnating in proximity to the inner wall of the stirred tank, thereby enabling 
the yeast slurry to be more uniformly stirred. 
15 By the maximum diameter of the rotation body herein referred is meant a 

size (diameter) of a largest diameter portion of the rotation body defined by the 
rotation of the stirring impeller. 

The height of the rotation body is 70% or more and more preferably 90- 
120% of a standard depth of the yeast slurry normally stored in the stirred tank. 
20 With the rotation body having a height of 90- 120% of the standard depth of 

the yeast slurry, it is possible to more uniformly stir and mix the yeast slurry and 
produce an effect to instantly eliminate foaming of yeast slurry generated as it is 
filled into the stirred tank. 

By the standard depth of the yeast slurry is meant a depth of the yeast 
25 slurry, which is determined based upon designs of the stirred tank and operator's 

experiences in operation and maintenance. The standard depth of the yeast slurry 
is thus necessarily determined at a certain value according to each stirred tank 
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used. 

The stirring impeller is rotated at 1-30 rpm and more preferably 1-20 rpm. 
With the stirring impeller rotated at 1-20 rpm, there is produced an effect 
of more securely preventing damages of yeast due to shearing force. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic front view illustrating a typical arrangement of the 
yeast stirred tank according to one embodiment of the present invention. 

FIG. 2 is a schematic plan view illustrating an arrangement of paddle 
10 blades of the yeast stirred tank. 

FIG. 3 is a schematic block diagram illustrating an arrangement of a 
positional relationship between the yeast stirred tank and a main fermentation 
tank. 

FIG. 4 is a schematic front view for illustrating the height of the rotation 
15 body and the standard depth of the yeast slurry normally stored in the stirred tank. 

FIG. 5 is a graph showing the relationship between the stirring time and 
pH of the yeast slurry. 

FIG. 6 is a graph showing variation in yeast concentration. 
FIG. 7 is a graph showing the relationship between the number of times 
20 yeast slurry is discharged from the stirred tank and the pH. 

FIG. 8 is a graph showing the relationship between the number of times 
yeast slurry is discharged from the stirred tank and the yeast concentration. 

FIG. 9 is a graph showing the relationship between the local temperatures 
in the stirred tank and the stirring time 
25 FIG. 10 is a graph showing the relationship between the local 

temperatures in the stirred tank and the stirring time. 

FIG. 1 1 is an explanatory view illustrating the temperature measuring 



points within the stirred tank. 

FIG. 12 is an explanatory view illustrating a stirring impeller of a 
comparative example. 

FIG. 13 is a graph showing the relationship between the yeast slurry 
temperature in the stirred tank and the elapsed time. 

FIG. 14 is a graph showing alive cell percentage of yeast. 

FIG. 15 is a graph showing the relationship between the rotational speed 
of the stirring impeller and the shaft torque of the stirring impeller. 

FIG. 16 is copies of an electron micrograph showing the states of yeast cells 
after they have been stirred by the stirring impeller. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be described with reference 
to the drawings. 
(Embodiment l) 

As illustrated in FIG. 1, the stirred tank has a tank body 1 with a shell 
portion 2 having a substantially cylindrical shape and bottom portion 3 having an 
inverted cone shape. 

Rotational shaft 4 extends substantially through the center of the tank 
body 1 and has upper part and lower part to which paddle blades 5a, 5b are 
respectively mounted at a perpendicular orientation. 

The upper paddle blades 5a intersect the lower paddle blades 5b at an 
angle of 45 degrees, as illustrated in FIG. 2. 

The stirring impeller 5 made up of both paddle blades 5a, 5b is set so that a 
maximum diameter of a rotation body defined by the rotation of the stirring 
impeller 5 is 60-90% of the inner diameter of the stirred tank. 

The height of the rotation body defined by the rotation of the stirring 



impeller 5 is set to be 70% or more of a standard depth of yeast slurry normally 
stored in the stirred tank. 

The lower paddle blades 5b have lower sides each having a slanting surface 
to match the inverted cone shape of the bottom portion 3 of the tank body 1. 

The stirred tank 6 having the above arrangement is in actual use disposed 
on the downstream side of main fermentation tank 7 for manufacturing beer, as 
illustrated in FIG. 3. 

The processes of manufacturing beer include such as a malt saccharifying 
process and yeast fermentation process, which fermentation process involves 
storing a part of the yeast discharged from the main fermentation tank 7 in the 
stirred tank 6 and recirculating the same as seed yeast to the fermentation tank 7. 

Yeast stored within the stirred tank 6 must be uniformly stirred. 

It is possible to entirely and uniformly stir and mix yeast even through 
such a low speed stirring as not to damage the yeast, by using the stirred tank 6 as 
in the above embodiment. 

In this case, the upper and lower paddle blades 5a, 5b disposed within the 
stirred tank respectively cause discharging flows flowing therefrom, and which 
flows are unlikely to interfere with each other, so that the flows of the yeast slurry 
can be smoothly connected with each other. 

Also, since the maximum diameter of the rotation body defined by the 
rotation of the stirring impeller 5 is set to be 60-90% of the inner diameter of the 
stirred tank, the yeast slurry can flow even in proximity to the inner wall of the 
stirred tank, and the yeast is unlikely to be damaged. 

This will be hereinafter described in more detail. Where the maximum 
diameter of the rotation body is 60% or less of the inner diameter of the stirred tank, 
the yeast slurry in proximity to the inner wall of the stirred tank is unlikely to flow. 
As a result, the yeast slurry cannot be uniformly stirred, and hence the yeast at its 
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slipping interface between non-flow part and flow part is damaged due to shearing 
force. 

On the other hand, where the maximum diameter of the rotation body is 
90% or more, there is caused a smaller clearance between the stirring impeller and 
the inner wall of the stirred tank, so that large shearing force is produced between 
the stirring impeller and the inner wall of the stirred tank. This may cause 
damages to yeast, and deteriorate a vertically mixing effect, hence producing non- 
uniform mixture. 

Thus, the maximum diameter of the rotation body defined by the rotation 
of the stirring impeller 5 is set to be 60-90% of the inner diameter of the stirred 
tank, preferably 70*90%, more preferably 75-90% and most preferably 80-90%. 

There are respectively caused less variation in yeast concentration when 
employing 70% or more of the maximum diameter, lesser variation and much lesser 
variation when employing 75% or more and 80% or more, thereby producing a more 
uniform stirring and better stirring effect. 

Since the height of the rotation body defined by the stirring impeller is set 
to be 70% or more of a standard depth of the yeast slurry normally stored in the 
stirred tank, a poor mixture is hardly caused. 

Where the height of the rotation body is set at less than 70%, a stagnant 
portion may cause in the yeast slurry, resulting in non-uniform distribution of the 
yeast concentration and temperature within the stirred tank. 

In particular, the height of the rotation body is preferably in the range of 
90-120% of the standard depth. 

With the height of 90% or more, the upper edges of the stirring impeller 
are near the top surface of the yeast slurry having the standard depth. As a result, 
more uniform stirring and mixture can be achieved and continued from the time at 
which the yeast slurry has the standard depth to the time at which the entire 
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volume of the yeast slurry is discharged. There is also produced an effect to 
instantly eliminate foaming of yeast slurry generated as it is filled into the stirred 
tank. 

On the other hand, with the rotation body having a height of 120% or less, 
5 the upper edges of the stirring impeller are slightly above the top surface of the 
yeast slurry having the standard depth, thereby achieving more uniform stirring 
and mixture, and producing the effect to eliminate the foaming. 

By the height H x of the rotation body is meant herein a distance between 
the upper end of the rotation body defined by the rotation of the stirring impeller 5 
%Q 10 and the lower end thereof, as illustrated in FIG. 4. 

f y By the standard depth H 2 of the yeast slurry is meant herein a distance 

£ A between the top surface of yeast slurry stored within the tank body 1 and the 

~J lowest part of the bottom portion 3 of the tank body 1 (i.e., the apex of the inverted 

j 3 cone), with the yeast slurry having a standard volume or having a volume which is 

15 determined based on designs of the stirred tank and operator's experiences in 
IN operation and maintenance. Thus, the standard volume of the yeast slurry is 

M necessarily determined at a certain value according to each stirred tank used. The 

space above the top surface of the yeast slurry having the standard depth is 
reserved for an expansion volume of the yeast slurry due to its foaming. 
20 Therefore, the standard volume of the yeast slurry stored within the 

stirred tank is meant for only liquid and yeast. 

The distance H 3 between the lower end of the rotation body and the 
lowermost part of the bottom portion 3 of the tank body 1 is determined in such a 
manner as to enable uniform stirring and mixing of yeast slurry without damaging 
25 yeast due to the stirring. When this distance is excessively short, yeast may be 

damaged during the stirring. On the other hand, when the distance is excessively 
large, uniform stirring is hardly achieved. 
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The stirring impeller is stirred at a rotational speed of 1-30 rpm. 

The stirring and mixture of the yeast slurry is hardly performed when the 
rotational speed is less than 1 rpm, and on the other hand, yeast is damaged by 
shearing force due to large increase in torque when the rotational speed exceeds 30 
rpm. 

Particularly, at a rotational speed in a range of 1-20 rpm, damages of yeast 
due to shearing force can be more securely prevented. 

Where the yeast cells entirely precipitate in the stirred tank and to be 
uniformly dispersed, or where the yeast slurry is to be instantly cooled, or where 
the foaming of the yeast slurry is to be suppressed, the stirring had better be 
performed for a relatively short period of time at a rotational speed of 10 rpm or 
more. Where the temperature of the yeast slurry is to be maintained, stirring had 
better be continuously performed at a remarkably low speed near 1 rpm, or stirring 
had better be intermittently performed at a low speed of 1*10 rpm, so that damages 
of the yeast can be prevented. 

Particularly, since yeast slurry can be stirred from its precipitated and 
settled state to uniform concentration state, it is desirable to hold yeast under the 
intermittent stirring condition at a minimum low speed after cooling. There is no 
problem even if the yeast cells happen to precipitate. 

The upper paddle blades 5a intersect the lower paddle blades 5b at an 
angle of 45 degrees as viewed from above, this phase difference causes a smooth 
vertical flow of the yeast slurry. 

Thus, a uniform stirring and mixture can be produced within the stirred 
tank 6 through the effects described above. 
(Other Embodiments) 

The paddle blades disposed in two stages along the vertical axis in the 
above embodiment may be disposed in three or more stages. 
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In the above embodiment, the upper and lower paddle blades are disposed 
at an intersecting angle of 45 degrees as viewed from above. This intersecting 
angle is also not limited to that embodiment. 

However, it is preferable to set the intersecting angle in a range of 30*90 
degrees in order to generate a somewhat smooth vertical flow of the yeast slurry. 

The construction of the stirred tank 6 is also not necessarily limited to such 
a construction having the paddle blades 5a, 5b disposed on the rotational shaft 4 in 
plural stages. Rather, various constructions can be employed. 

It is possible to employ a stirring impeller of a large-sized flat plate blade 
with numbers of holes formed therein as disclosed in Japanese Patent Application 
Laid-open No. Hei*7"786, that of a plurality of large -sized vertically oriented flat 
plate blades respectively mounted at angles displaced from each other as disclosed 
in Japanese Patent Application Laid-open No. Sho-61-200842 and Japanese Patent 
Laid-open No. Hei-8-281089, or that of large-sized vertically oriented flat plate 
blades having a substantially trapezoidal shape and plate-like auxiliary blades 
mounted on a rear side thereof with spacing therefrom as disclosed in Japanese 
Utility Model Application Laid-open No. 7-34928. 

However, the stirring impeller of the present invention is preferably made 
up of blades each of which can have a shape, size and mounting means more 
variable in a vertical orientation than simple anchor blades, paddle blades and 
lattice blades, thereby achieving vertical flow of the slurry through such variations. 

In a stirred tank which requires a sanitary property of beer yeast and the 
like, it is preferable to omit slantingly disposed blades or holes which may cause 
blind spots in cleaning operation of the stirred tank, and to have the stirring 
impeller vertically arranged with no holes or any other openings therein. 

In other words, it is preferable to have the stirring impeller with no bolts 
or joints within the stirred tank and made up of smoothly curving surfaces and 
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vertically oriented surfaces with no horizontally oriented surfaces which may 
deteriorate cleanability. 

Since the stirring impeller is capable of sufficiently mixing the yeast slurry 
even without baffle plates, there is no necessity to provide the baffle plates, which 
may result in deterioration in cleanability of the stirred tank. 

A sufficient cleaning effect can thus be produced and an accident such as 
microbial contamination can be avoided by using such stirring impeller. 

The description of the above embodiment was made by taking for example 
the case where the yeast stirred tank is used for manufacturing beer. However, 
the yeast stirred tank of the present invention is not necessarily limited to this 
application. Rather, it can be used for stirring products other than beer. 

The yeast slurry mainly used has a concentration of 30-60%. 

By the concentration of the yeast slurry herein is meant a volume 
percentage of the yeast to a liquid medium. 
EXAMPLES 

(Example l) 

In this example, the testing was conducted to determine the relationship 
between the stirring time and the variation in pH of the yeast slurry. 

The stirred tank used in this example has a volume of 4m 3 , an inner 
diameter of 1900 mm, and a stirring impeller having a maximum diameter of 60% 
of the inner diameter of the stirred tank. 

The stirring impeller was so constructed that the rotation body defined by 
the rotation of the stirring impeller has a height of 1490 mm. As a result, the 
height of the rotation body is 97% of the standard depth of the yeast slurry, and the 
upper edges of the stirring impeller are about 50 mm above the top surface of the 
yeast slurry having the standard depth. 

The stirring impeller also has the upper and lower paddles 5a, 5b disposed 
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along the vertical axis and intersecting each other at an angle of 45 degrees. 

In this embodiment, the stirring was performed at a low speed of 20 rpm. 

On the other hand, an inclined paddle impeller was used as a comparative 
example. 

This inclined paddle impeller has a maximum diameter of 800 mm when it 
is rotated, while the stirred tank has an inner diameter of 2200 mm, so that the 
rotation body defined by the rotation of the rotational shaft has a maximum 
diameter of about 36% of the inner diameter of the stirred tank. 

In the comparative example, the stirring was performed at a rotational 
speed of 58 rpm. 

The result is shown in FIG. 5. 

As is apparent from FIG. 5, less variation in pH of the yeast slurry was 
observed in this example on the contrary to the comparative example where 
variation in pH of the yeast slurry was greatly varied as the stirring time elapsed. 

It could be confirmed from this result that in this example less damages to 
the yeast slurry were caused as compared with the comparative example. 

The condition of yeast after the stirring was observed through an electron 
microscope and it was found that the stirring with the inclined paddle impeller of 
the comparative example apparently caused damages to the yeast, as shown in FIG. 
16. 

On the other hand, the yeast slurry stirred by using the stirred tank of this 
example had yeast with no damages and held in a good condition. 
(Example 2) 

In this example, the measurement of the variation in yeast concentration 
at the time of discharging the yeast slurry was conducted. 

The stirred tank used in this example has a volume of 5m 3 and an inner 
diameter of 2200 mm. 
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The stirring impeller was so constructed that the rotation body defined by 
the rotation of the rotational shaft has a maximum diameter of about 83% of the 
inner diameter of the stirred tank. 

The stirring impeller was also so constructed that the rotation body 
defined by the rotation of the stirring impeller has a height of 1993mm. As a 
result, the height of the rotation body is 93% of the standard depth of the yeast 
slurry, and the upper edges of the stirring impeller are about 50mm above the top 
surface of the yeast slurry having the standard depth. 

In this example, the stirring was performed at a rotation speed of 20 rpm 
(example 2-1) and 5 rpm (example 2-2), respectively. 

On the other hand, a stirred tank provided with a propeller-type stirring 
impeller was used as comparative example 2-1. 

The inner diameter of the stirred tank was 2800 mm, and the rotation body 
defined by the rotation of the propeller-type stirring impeller had a maximum 
diameter of 1600 mm. Accordingly, the maximum diameter of the rotation body is 
about 57% of the inner diameter of the stirred tank. The rotational speed was 70 
rpm. 

A frame-type stirring impeller having an inverted trapezoidal shape was 
used as comparative example 2-2. 

The inner diameter of the stirred tank was 2500 mm and the rotation body 
defined by the rotation of the flame-type stirring impeller having the inverted 
trapezoidal shape was 1400 mm. Accordingly, the maximum diameter of the 
rotation body is about 56% of the inner diameter of the stirred tank. The 
rotational speed was 70 rpm. 

The test result is shown in FIG. 6. 

As is apparent from FIG. 6, the yeast concentration was varied within a 
range of 15% in the respective comparative examples. On the contrary, the yeast 
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concentration was varied within a range of 5% in this example- 
It can thus be determined from this result that yeast in this example was 

more uniformly stirred than the comparative examples. 
(Example 3) 

In this example, the relationship between the number of times yeast in the 
stirred tank is discharged therefrom and the pH of the yeast slurry was 
determined. 

After storing the yeast slurry within the stirred tank, a certain amount of 
the yeast slurry was discharged every three hours. The discharge was performed 
eight times and variation in pH value was measured upon discharged number. 

More specifically, the stirring was performed at a rotational speed of 10 
rpm for 10 minutes before the discharge, and the pH of the discharged yeast slurry 
was measured. 

The stirring impeller used was so constructed that the rotation body 
defined by the stirring impeller when the rotational shaft was rotated has a 
maximum diameter of about 83% of the inner diameter of the stirred tank. 

The height of the rotation body was set so as to be 93% of the standard 
depth of the yeast slurry in any cases. 

The test result is shown in FIG. 7. 

As is apparent from FIG. 7, in either of the examples 3*1 and 3-2, the pH of 
the yeast slurry was varied within a range of 0.2, although the discharging 
operation was performed eight times in 24 hours. 

It can thus be determined from this result that nearly no damages to yeast 
were observed in both examples 3-1 and 3-2. 

(Example 4) 

In this example, the testing was conducted to determine the relationship 
between the number of times yeast in the stirred tank is discharged therefrom and 
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the yeast concentration. 

After storing the yeast slurry within the stirred tank, a certain volume of 
the yeast slurry was discharged every three hours in the same manner as the 
example 3. The discharge was performed eight times and variation in pH value 
was measured upon discharged time. 

The variation in yeast concentration was measured through variation in 
value of a cell sensor. 

Yeast in living state is positively charged and that in dead state is 
negatively charged. 

It is possible to confirm whether yeast is in living or dead state by 
measuring the dielectric constant of the yeast slurry. The cell sensor is designed 
to detect the living or dead state of the yeast and convert it into the yeast 
concentration. 

Three type of stirred tanks are used, each having a rotation body defined 
by the stirring impeller when the rotational shaft is rotated, which rotation bodies 
respectively have maximum diameters of about 60% (example 4*1), about 75% 
(example 4-2) and about 83% (example 4-3) of the inner diameter of the stirred 
tanks. 

The height of each rotation body was set to be 93% of the standard depth of 
the yeast slurry. 

The test result is shown in FIG. 8. 

As is apparent from FIG. 8, although the discharging operation was 
performed eight times in the examples 4*1 and 4*2, and four times in the example 
4-3, the yeast concentration was varied within a range of 8%. 

Particularly in the example 4-2 with the rotation body having a maximum 
diameter of about 75% of the inner diameter of the stirring impeller, the yeast 
concentration was varied within a range of about 5%, and in the example 4-3 with 
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the rotation body having a maximum diameter of about 83% of the inner diameter 
of the stirring impeller, the yeast concentration was varied within a range of about 

3%. 

It could be confirmed from this result that less damages to yeast were 
caused in the respective examples, and nearly no damages to yeast were observed 
particularly in the examples 4-2 and 4-3. 

It could also be confirmed that more uniform stirring had been achieved by 
the stirred tank with the rotation body having a maximum diameter of 70% or more 
and further a maximum diameter of 80% or more of the inner diameter of the 
stirred tank than the stirred tank with the rotation body having a maximum 
diameter of about 60%. 

(Example 5) 

In this example, the temperature variation at respective points of the yeast 
slurry within the stirred tank was measured. 

In this example, the same stirred tank as that in the example 1 was used. 

Specifically, the stirred tank used in this example has a volume of 4m 3 , and 
an inner diameter of 1900 mm, and so installed that the rotation body has a 
maximum diameter (i.e., impeller diameter) of 1140 mm, and a height of 1490 mm. 
As a result, the height of the rotation body is 97% of the standard depth of the yeast 
slurry. 

The temperatures of the yeast slurry which was stirred at 1 rpm and 20 
rpm within the stirred tank were measured upon elapsed time. 

Specifically, a temperature variation of the yeast slurry within the stirred 
tank was measured by a temperature sensor upon elapsed time by rotating the 
stirring impeller within the stirred tank at 1 rpm and 20 rpm, and the effect 
produced by the stirring was evaluated. 

The results are shown in FIGS. 9 and 10. 
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The temperature measuring points of the yeast slurry within the stirred 
tank are shown in FIG. 11. 

As shown in FIGS. 9-11, there was observed less variation in temperature 
due to a difference in measuring point within the stirred tank. It can be seen that 
non-uniform temperature distribution mostly disappeared when the stirring was 
performed at 20 rpm. 

From the above fact, it can be seen that the yeast slurry within the stirred 
tank can be stirred so as to have a uniform temperature even through the rotation 
at a much lower speed of 1-20 rpm, and the yeast slurry is maintained at a constant 
temperature. 

(Example 6) 

In this example, the testing was conducted to determine the temperature 
followability of the yeast slurry within the stirred tank. 

In this example, the stirred tank used in this example has a volume of 4m 3 , 
and an inner diameter of 1900 mm, and so installed that the rotation body has a 
maximum diameter of 1140 mm, and a height of 1490 mm, in the same manner as 
the example 1. The height of the rotation body is thus 97% of the standard depth 
of the yeast slurry. 

This stirring impeller was stirred at 20 rpm. As a comparative example, a 
two-stage paddle impeller was used and stirred at 53 rpm. The result is shown in 
FIG. 13. 

Generally, the storage temperature of the yeast slurry is controlled 
according to a time chart. A cooling medium is circulated within a jacket on the 
periphery of the stirred tank to cool the yeast slurry within the stirred tank until 
the temperature of the yeast slurry within the stirred tank reaches a preset 
temperature. 

Accordingly, where the temperature followability of the yeast slurry within 
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the stirred tank is poor, the yeast slurry around the center of the stirred tank 
remains uncooled, while the yeast slurry near the peripheral side of the stirred 
tank is rapidly cooled. As a result, a temperature difference between the 
respective points of the yeast slurry within the stirred tank is caused, so that the 
cooling efficiency of the stirred tank is deteriorated. 

FIG. 13 therefore shows the measured results of the temperature 
followability of the yeast slurry within the stirred tank in the cases where the yeast 
slurry was stirred by using the stirred tank of this example, and the stirred tank of 
the comparative example. 

As shown in FIG. 13, even through a lower stirring speed of the stirring 
impeller at 20 rpm, the temperature followability in this example is better than the 
comparative example. It can be thus seen that uniform stirring can be produced 
in a short period of time even if the high-speed stirring is not performed. The 
yeast slurry can also sufficiently follow a subtle temperature setting, so that the 
temperature of the yeast can be properly controlled. 

(Example 7) 

In this example, the alive cell percentage of yeast was measured. 

Specifically, hereinafter described three types of stirred tanks were used, 
and the alive cell percentages of yeast were determined before and after the 
stirring of the yeast slurry. 

The yeast was stained with methylene blue and observed by a microscope, 
and the live cells were counted by using a hematite meter. 

(Example 7*1) 

The stirred tank in this example has a volume of 5 m 3 and an inner 
diameter of 2100 mm, and is so installed that the rotation body of the stirring 
impeller has a maximum diameter (impeller diameter) of 1745 mm, and a height of 
1993 mm. Thus, the height of the rotation body was 93% of the standard depth of 
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the yeast slurry. 

The yeast slurry was stirred at 5 rpm for 36 hours within the stirred tank, 
and the alive cell percentage of yeast was measured. 
(Example 7*2) 

The stirred tank in this example has a volume of 5 m 3 and an inner 
diameter of 2100, and so installed that the rotation body of the stirring impeller has 
a maximum diameter (impeller diameter) of 1745 mm and a height of 1993 mm. 
Thus, the height of the rotation body was 93% of the standard depth of the yeast 
slurry. 

The yeast slurry was stirred at 5 rpm for 33 hours within the stirred tank, 
and the alive cell percentage of yeast was measured. 
(Example 7-3) 

The stirred tank in this example has a volume of 5 m 3 and an inner 
diameter of 2100, and so installed that the rotation body of the stirring impeller has 
a maximum diameter (impeller diameter) of 1745 mm and a height of 1993 mm. 
Thus, the height of the rotation body was 93% of the standard depth of the yeast 
slurry. 

The yeast slurry was stirred at 5 rpm for 39 hours within the stirred tank, 
and the alive cell percentage of yeast was measured. 

The measured results on the alive cell percentages of the yeast cells before 
and after the stirring under the above conditions are shown in FIG. 14. 

As is apparent from FIG. 14, there were nearly no differences in alive cell 
percentage of the yeast before and after the stirring in this example. It can be 
seen from this fact that the yeast cells are not damaged by the stirring. 

(Example 8) 

In this embodiment, the testing was conducted to determine the 
relationship between the rotational speed of the stirring impeller and the shaft 
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torque of the stirring impeller. The testing was conducted with the yeast slurry 
having the standard depth in the same manner as the examples 7. 

FIG. 15 shows the above relationships determined on yeast soon after the 
recovery and yeast after the elapse of 24 hours since the recovery, as well as a 
known Newtonian fluid. 

As shown in FIG. 15, the shaft torque required for the yeast soon after the 
recovery is larger than the shaft torque for the yeast after the elapse of 24 hours 
since the recovery. 

In FIG. 15, the crossing points of the lines representative of data of the 
yeast and the lines representative of data of the Newtonian fluid indicate that the 
apparent viscosity of the yeast slurry at each rotational speed is equal to the 
viscosity of its corresponding Newtonian fluid. 

The apparent viscosity of the yeast slurry is varied from 30000 cp to 1000 
cp according to the variation in rotational speed from 2 rpm to 20 rpm, and 
therefore it can be seen that the yeast slurry is a non-Newtonian fluid. 

It can also be found that the stirring torque of yeast slurry tends to become 
substantially constant regardless of the rotational speed as far as it is 10 rpm or 
less. This tendency is a feature found in Bingham fluid, and the data of FIG. 15 
indicates that the yeast slurry is a Bingham fluid. The Bingham fluid is a fluid 
having a yield stress, so that the fluid is not moved even by the action of the force 
having a magnitude less than the yield stress. 

It is presumable from the above fact that the yeast slurry is not a common 
fluid which can relatively easily be mixed, but a unique fluid which requires a 
special attention to be entirely fluidized and hence uniformly mixed. 



